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BASIC ANATOMY AND PHYSIOLOGY OF BONES

Bone composition & markers 00:00:38
COMPOSITION Bone (ols’ceor\)
' v R
Organic componen’c/ waoder : - Inorganic component :
Osteoid 1 in children Calcium hﬂdroxljapa’d’ce A
(bones — sotter). - (principle mineroD.
¢ A ' v
Cells Proteins
. C;o\\agen : Tgpe | (Principle proteiry.
- * QOsteocalcin.
- ® Osteonectin.
¢ khanirfan0392@grmatl-com }
Osteoblast ! Osteoclast ' Oskeocgce
* Cell type: * Cell type: * Cell type:
- mononuclear cells ~ monocyte aggregotes. Mature/resting osteoblast.
*  Function : - multinucleated giont cells. * Features:
- Lays down osteoid madrix ® Function ¢ - most abundant.
(colagery : - Phagoeytic. - - Longest life span.
mineral deposition - Bone resorption
eone/Osteon remodelling.
* Rich in Alkaline phosphodase ¢ Rich in TRAP { carbonic
anhgdmse.
Note : Collagen ’t5pes ‘
Tupe!  Typea
* pones. * Articular hgaline cartilage.
bt * Buiens Fierelic RufSled borders
* Annulus Nbrosis.

# Strength of bone depends on osteoblasts § osteoclasts.

\
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. BONE MARKERS

markers

—

I
| v

Bone Yormadion Bone resorption
* Alkaline phosphotase (LP) * Hydroxyproline Collagen breakdown
° Proco\\agem o Hgdroxggsine produc’cs
* Osteocalein . * NACtelopeptide |
* Osteonectin ) i . . * TRAP
Anatomy 00:09:28
medul\ar5 ccw:i’cg :
yseal plate (in con&e\'\‘t: ;
-~ Children : Maxrow.
- Adults : Fok.
/-—awdosteal lin‘ms

7 Yellow bone marrow

h -

-
-

]

4|
|

{

-

;
elaa hone marow
: :
1
; ‘

\

Per%ra+1n3 { :

(Sharpey's Rbers ;
e A &

Compaet bone e
Periosteum i ¢
|

Nutrient arlery |

Nudrient arteries

! Anchors periosteum ‘o bone

-%5 (Fibrous laye ‘
8 Provides nutrition
-§ (celular layer)
L Helps in Srowkh

sy Periosteum :
:(;‘15\ &‘\)\; * Present in all long bones
R * Absent in:
- Articular surface of long bones.
- sesamoid bones (eq : Pokelo.

.....

Orthopaedics * v1.0 + Marrow 8.0 * 2024 Page 2/4




AR R~ =4 LU= A 1= R A=A L AR =C0= SN = L

Basic Anatomy & Physiology of Bones - 3

-——-- Active space -----

r/_/:—p epip}jsis

me’mphﬂsis

3 metaph3sem blood vessels ¢ |

¢ TVascularity in metaphysis

medullary vein

o ¥
Nutrient ar*erg : —. [§ _’med““o‘rﬂ Mkerg ﬂd\/an&ase 3 Disad\/an’cage :
enters via nutrient ) F\eading potential Propagodion of
foramen I ‘ infection § tumors.

Note : metaphuysis has very few mcréphages/ monocytes.

TYPES OF BONE ARCHITECTURE

i 648c85cfee3b03a74e182fab

Immaiture woven bone v
* Improperly arrangedﬂéél‘\asen. * geenin:

* weak. i ‘= Children.
: i ' - gones healing $rom fracture (eg: callus).
moture/lamellar bone :
| concelious/spongy Corticol/compact
Ste - : metophysis Diaphysis
Consistency | sott Hord
gone cells ! t
voscularity | T | y
Frocture heod'm“q Fast . Slow
Risk of infection t l
Frocture complicotion malunion | Non union
f\lo’ce :

gpiphyseal fractures (ntroarticular) — Osteoarthritis — | Range of motion.
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Bone Growth

----- Active space -----

00:20:40

Eplpngsie

o). Lateral view b). F\n&ex;;éos’cerior view PeEtaphes
X-roy : Le#t hand (ehildD.
Growth plate structure :
E,piph5515
* Layers
: i1 .\:/ > Germinal layer (most
e L o L importan®
Dol gl 1 e proliferative loyers
®. . | ‘————— Hypertrophic layer
: : SRR (weokesd |
TR P :gj\»l,%er o colifeation
e Q : .Nu%ero?»ossﬁ\co&ion I
metaphysis
Applied aspect :
&rowth plate (germinal layer) injury
I
R !
Complete Paurtial
} |
* \/L side (bone) : Stops growing, : Asymmetrical growth
" .'rf(‘,/0 \é,ggide (\.c|>one) * Continues +o grow. |
anirfan @gmail.com l De‘?ormrtg (\/ '\Jalsus)
Limb length diserepancy
"é Appositional grouth (1 ses thickness) : By endosteum  periosteum.
r.g
@
)
L Orthopaedics * v1.0 + Marrow 8.0 - 2024
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Phgs'\s * Only in children
T ses length of bone

Direction of
Srowth
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BASIC TERMINOLOGY OF FRACTURE AND .. Active space -
HEALING
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Fractures . 00:00:49

Breok in conﬁﬁfiﬁ’(g of bon&*BeRaeise3b03a74e182fab

GENERAL FEATURES OF FRACTURE
Clinical siSns :
* Abnormal mobility ok fracture site > erepitus (Pa’thosnomomc).
* Tenderness (most consistent).
¥ Swel\ms.
Rodiologjical :
* X-ray : Discontinuity of bone.
CAusesS
Fractures with significant trauma. :

Types

L i

Il Transverse a. Oblique 3. Spiral 4. Comminuted  S. Segmental

mMechanism ot ‘\qur Y : Tm)fm
?

Bending force

3.0hlquo frocture
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Orthopaedics

Avulsion fractures :
* violent pull of tendons — Avulsion of bone.
* &g Potella, olecranon.

\' Transverse

frocture of

po&e\\a

Potella

Fractures without sisni%can’c trouma. :
Po&hological Sroctures

2

Generolized couses
* Osteoporosis (m/c cause) :
m/c sites : Spine > hip >
~ wrist Cole’9.
* metastasis
- m/ec site : Proximal femur.
- X FO&-PET
¢ Osteomalocio.
* Rickets.
* Osteogenesis '\mpeﬁ?ecta.
* Paget’s disease.
° scunvy

¢ pain before the fracture (d/t micro Sroctures).
. \n\/%‘dgoedon :
- X-roy: Shows primary lesion.
. managemen’( :
A. mirel’s criterio :
~ Used to predict risk of pathological frocture d/% lesions.
— acore of 28 ¢ Requires prophylactic Qxation with intermal fixation

Frocture a° to Poge\"s disease

devices.
B. Treat underlging couse.
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Basic Terminology of Fracture & Healing - 7

Stress fracture :
* D/t sudden § repetitive loading of bore.
* Common sites:

e W

b. Fibula : weight beaxring " M:edﬁ
. Metatarsal (mareh fracture) : | bones ::ei forsol
| (sh o\ g

a™ > 3 metotarsal.
Neck > shoft.
® Pain:
. = Prior to fracture.
- 1 on activity,

\n\/est‘\gations : e
- X-ray : Fracture Visible ofter a-3 wks of symptoms.

- mR1 (00 ¢ <ot tissue edemoa.
\dentifies —E 4
> Occult froctures.
~ Bone scan : For multiple stress $ractures.

. managemen’c:
- SJcop the é’cres&o‘r& |
- Immobilizakion of afected limb.

Runner’s fracture

Shin splints :
ArA Medial Tibial Stress sgndrome (TS,
* Seen in runners. ;
* mediol periostitis of tibia.
* mechanism of injury : :
Repetitive muscle contractions —> inflammadion of periosteum ot site of
. muscle aftachment

Pain over anteromedial side of leq
. Articulation of 4th and 5th metatarsals

* X-roy: Normal.

Zone 3 (Stress fracture)

Zone 2 (True Jones fracture)

Zone 1 (Pseudo Jones fracture)

Robert jones frocture

[ Feedbac
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_____ Active space --—- Fracture healing 00:18:25

TYPES OF FRACTURE HEALING

3 i { R
X l Pr‘\marg Secondarg
* Direct healing * Indirect : Callus (Car’dlage) formed
* D/t obsolute stability frst — bone
(r‘\Sid f[xakion) ! * micromovement ot Sracture site (+)
* No callus seen o s’cronger
* more common
© emotoma formation (a-3 day®) STAGES OF FRACTURE HEALING (3°)
S 2 ] Nutrient ar’ter3 ruptures
‘ I eleeding ok frocture site
Sranuladion Tissue | l
Formation (inflammadion) (3-3 weeks) Stage |+ Collection of blood (hematomod

l khanirfan0392@gmail.com

© coius Formation (3-3 monthe) ’
Stage I\ Fibroblasts forms fbrous meshwork

b }{ g} (@ranulotiontissues) between the fracture
& ;

S}ragmen’cs

.

Fibroblasts difSerentiate into osteoblasts.

E> I Sﬂ oo Stage I\l : Osteoblasts lays down osteoid

madrix and minerals to form callus
e eone remodelling (3 3ears) ‘ l .

- iﬁ : s’caSe IV : Callus hardens.
> l

chagé Vi Resorp’don bg Osteoclasts to resemble
native bone.

Couses release of chemotactic agents thot
ottracts fbroblast

o Consolidation (3-3 5eours)

Orthopaedics * v1.0 « Marrow 8.0 + 2024 Page 4/10
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Basic Terminology of Fracture & Healing - 9

Collus : b Active space -----
. Disorgan'\sed moss of immoadure bone.
* Visible on X-roy ofter a-3 weeks of fracture.

Note : wmpres§§3p at fracture site —= promotes union.
A
FACTORS INHIBITING FRACTURE HEALING

Potient Type of fracture  Tissue Treotment
* Odage
* malnudrition Open lschemio. | * Improper mobilisation (m/c)
* Tobacco consumption . * Inodequode reduction
* Aleohol consumption :
Complications in fracture healing 00:26:19
NON-UNION

* Callus formation absent for > 9 months, |
* Risk factor : thhgéé%ﬁag?fﬁ*?w&w&@ ‘

* m/c site : Lower I/2rd Tibio.

Tgpes:

0\

/
i
\

Hﬂper&rophic Olgo{rophic Atrophic
Differences between Hypertrophic § Atrophic Non-Union :

~ Hypertrophic Atrophic Gypicad
ends of fracture Smooth § sclerosed (1 density)
Frocture line Visible
X-roy appearance '

Callus formadion 1 Absent
« __ 6one biology ood Abnormal
8 Immobilisation Improper +
O
O Treadment Immobilizaion Autologous bone grafti
w
()
L Orthopaedics * v1.0 - Marrow 8.0 - 2024 Page 5/10
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10 Orthopaedics

gone aroft:
m/C source : lliac erest.
\deol bone sro&k charocteristics
. Osteogenesis : Groft itselt makes bone using osteoblasts.

----- Active space -----

Gl a. Osteoconduction : Allows bone o grow on it as a scaffold.

3. Osteoinduction : Stimulodes surrounding host bone to form bone
(erowth factors : differentiotes mesenchymal cells —-
bone forming cells).

Substitutes of bone Sro&t :

Property - Substitute
Bone conducﬁon * Colcium phosphote
* Calcium sulphote
* pmmA (Poly methyl methacrylote)

Bone induction Bone morphogenic protein (improves bone union)

MALUNION
* Fractures healing in anokomically abnormal position.
* Rx: Osteotomy (Bone realigned § fixed i functional abnormoality (48IXascfeesbosazaersztab

Note : Bones with 1 risk of malunion vs non-union.

mMalunion _ Non—union
* Clavicle (/O | * Lower I/3rd of 4ibio. (/O
* Supro-condylar humerus * Scophoid
* Colles * Loferal condyle of humerus
* Intertrochanteric (extracapsular) * Neck of femur (intracapsular)
femur * Neck of Talus

Froctures thod undergo malunion, rare\}j/ never undergo Non-—union § vice-verso).

Management of Fracture 00:36:42

Important Terms :

Displacement : Movement of distal fracture segment d/t pulling forces by muscle.
Reduction : Bringing fracture segment back to normal anatomy with counter-forces.
Traction : Counter—foree applied,

Fixakion : Majntaining fracture in reduced position fill it heals.

Orthopaedics * v1.0 * Marrow 8.0 - 2024 Page 6/10
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Basic Terminology of Fracture & Healing - 1

L
-

REDUCTION

methods :

1. Manual reduction 3. Skeletal troction

Counter-traction Traction

manual closed Reduction :
* Done using manual “Yraction’ and counter traction.
* Followed b5 POP application.
* Repeat X-ray to confirm reduction.

skin traction:
eandage wrapped —> Force on bandage —» Force on skin — Force on soft tissue
— Maintains frocture reduction :

Skeletal troction :
Site of pin o8 e diinin).
Lower *ibio.
distal femur,
Proximal femur.
orill
Local anesthetic
(a% lignocaine)
r P 4 — Steinmann pin
; Denham pin
R i e (hreading ()
No Il blade
% . S
} hier sti
§ strojght ar{'erg %rceps Bosier P
8 Instruments used for skeletal traction
LL
D Orthopaedics * v1.0 « Marrow 8.0 - 2024 Page 7/10
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----- Active space ----- , | Denham pin Steinmann pin ’
' Threading ¥ =
Indicokions l. Type of bone froctured | Osteoporotic Normal
a.Site of traction Caleaneal 2R ot

Procedure (upper tibiol skin roction ¢
I. Site : Draped and prepared.
a.Local anesthetic given : one deep on either side of bone laterally,
a.5 cm below and behind tibial tubercle.
made using No. I scalpel reaching bone
(ko avoid $riction while inserting piry.
4, Dilote en’crg site using artery foreceps.
S. Pin placed in drill and inserted into entry wound.
b. Pin drilled ’chmugh the bone and brought out ot opposite site.
7. Orill removed and wound dressed.
~ 8.80hler’s stirrup mounted onto pin and locked.
9, u)egh’cs applied L;s‘ms ropes.
10. Patient mounted onto a. splint.

3. Stob wound <:

Compl icakions :
* Staphylococcus aureus infection : m/c infection ak pin traction sites.
* Pin—tract sequestrum : ring shaped sequestrum ok entry § exit sites.

uses : for traction of lower limb $ractures : Intertrochanteric, Distal femur.

TEMPORARY MANAGEMENT : SPLINTS
To stabilize fracture.

- e > RiNQ, — lies ok the perineum
as spli - AP ol e
Thomas splint : ] CL:%@ (counter—traction force)
* nventor : HO Thomas = |

* First use : to treat T® knee.
* Fixed troction device (hos both

i B
fraction § counter—traction E
forces).
L Qd\/ankage : Pokient mobih‘c& .
* Indication * lower limb fractures
(m/c : Semur Sroctures). s
X~
O : §
@©
o)
o
@
Q
L
D Orthopaedics * v1.0 * Marrow 8.0 « 2024 Page 8/10
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Basic Terminology of Fracture & Healing - 13

khanirfan0392@gmail.com

Bohler § Broun Splint :
. SIIdinS ’crac{j‘pn device used in wards.

= ;Tmc’don : we'ghks
®* Force: <i:“}: N
X Counter traction : &ravity@Footend ot bed raised)
* Locodion of ia‘i;l\egs :
- A: For Tibia fractures.
- &: For Femur fractures.

- C:To prevent foot drop.

Russell’s Traction eohler § eroun splint * location of pulleys
Indication : Inter—trochanteric fracture of femur i
OZEFINITIVE TREATMENT
n\gori’chm : pssess for involvement of articular surface.
Present | Absent
Intro—articular extro—articular
|
Open Reduction (0R) ( 1
+ Closed Reduction. (CR) surgery (Befinitive)
Internal fixotion (F) with + ’ & ' l
. POP application : Y
?‘“es ﬁ/sgrews e upper limb ‘ Lower limb
=
’ OR + IF CR + IF with Intramedullary rods/
with plotes § serews nails § interlocking serews
|

X~
8 Open reduction \
0
©
0]
)
LS i
El _ Fracture : shoft of radius § wina. ~ Shaft of femur fracture
Orthopaedics ¢ v1.0 « Marrow 8.0 + 2024 Page 9/10
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Open : Fracture visualised and reduced
Reduc’cion< e

Closed : Done without opening frocture site and confirmed with X-roy
Accurocy of reduction : Open > closed

:

Hence preferred in intro-articular fractures (to prevent osteoarthriti)

POP application :
Disadvantanes Advontages
* Cumbersome | * Non-invasive
* Requires joint immobilization above § below fracture | * Cheap
i ) * 2asy application §
Disuse adrophy stitfness removol
CRHF :

Reduction : using C-arm (image intensifier)
Fixation : Rod/nail passed into the bone medullary cavity

.

interlocking serews placed (to avoid rotakion of rod)
Froctures duue to avulsion forces :

/ v

Potela Fracture Olecranon frocture
(d/t Quadriceps pulD (d/* Triceps puld
i

Humerus

Olecranon
process

Tension
band wiring

Rx : OR + IF with Tension Band Wiring (TeW
: 9

Ulna

Orthopaedics - v1.0 + Marrow 8.0 * 2024 Page 10/10
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OPEN FRACTURE, AMPUTATIONS AND =ee- Active space ----
POLYTRAUMA

Open fracture /. \ 00:00:27

* Fracture + breah in skin and underlying sott tissue.
* m/c involved : Tibia. and phalanges.

|

Communicadion with the
environmental pathogens o
(r:\/\c ns& nh \P(JL £y ) Al
; COCCUS us "
i healing

Frak:kure hemotoma. escapes outside

GUSTILO ANDERSON CLASSIFICATION

: T%Ffé_\ & . Typell Type o

* wound dem ‘O'B' Wound I-10 em | Open fracture ‘ o
* Cause: D/t impingement + comtaminated | with periosteal vascular injury
of fracture frogments environment : stripping
¥ sewage, farms or
* AKA inside out njury. A injury
i~ P ER— _
usual\}j 7 10 em
X
8 | khanirfan0392@gmail.com
0
O
O
b Orthopaedics * v1.0 - Marrow 8.0 + 2024 Page 1/10
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MANAGEMENT
wound management (more impor\ran&) :

I. Antibiotics ‘ a. Wound *toilette :
* wound wash : Povidone iodine § sterile NS.
BT, SIS | * Lound debridement.
v }
Primary closure : Secondary/delayed closure :
Only in clean wounds where * 1% b hrs - 1a hrs (golden period).
the edges are approximating - * Associoted newrovascular njury,
+ ! * gdges cannot be approximated.
Soec'\s?ac’corg debridement * Not satisfied with debridenwen’c.

4, Wound heoding : Manage like o closed frocture.
Frocture :
arode | : managed like closed fracture.
&rode I\, o : ‘
* 12 clean €b-13 hre) — manage like a. closed frocture.
'* Otherwise like open (external fixation).
“&rode Vb, liic : external fixation (immobilization/stabilization of bone outside the
bOdle' :
Note : Internal Sixadion is ¢/1 in open fractures.

: P\ac\ng o device inside the bone — growth of orsan\sms 1 b\oi\\m
%rm’c\on —> Infection. :

External Fixation ! 00:07:47

Fixation 0% bone outside the body,

Schanz p\ns
* Placed proximal and distal to the wound khanirfa
* They immobilize the bone c°““?‘*‘“3 Rod
0
: : . =)
Rods fo immobilize the pins "ﬁr/‘
i
Clamps
-Orthopaedics * v1.0 » Marrow 8.0 + 2024 Page 2/10
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Open Fracture, Amputations & Polytrauma - 17

13
-

S’mbili&g -
1 stability by :
* 1 number of:pins.
* 1 number p?—\\rods
* } number o¥planes used to stabilize the fracture (eiplanar b4 unip\omar).

TYPES

I. Rail {xator/Limb reconstruction system :

Adjustable rods :
Combinadion of compression §
external fixotion

3. llizarov ring fxator : -
* multiplanar
* most stable extemal fixator.
* Allows for compression and distraction of fracture site.
* Pins can be put in any direction.

Distroction Os’ceosenesis :

Done in open Lractures with bone loss.

Indicotions : ‘ : mu}ﬁp\anar s\\jstem
* Open Sroctures. . De?orm'\’cg correction or malunion.
* Non union. ~* Fracture with bone loss.
* Infected non union. * Limb |en3’chen’m5.
X~
O \
©
o
T
0]
3]
L
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Femur

l corﬁco’comﬂ

Cut the Strectehing of

bone callus and new
bone formadion
(Collotoxi)

3. Spanning external [xotor :

uses : Periorticulor open Sractures.

g0+ Side swipe injury/baby car injury,

Rods connected b5
spanning over the joint

—> Pins

L

Periarticulor froctures

C,omplicod:ions :

Page -

a. Distract the rods ( mm/dawp ~ physiclogical limit 3. growth of

new bone

mhing o% distal
humerus and
proximod ulno.

L - ol
Spanning external Qxator

i Necrosis of site where pin is p\aced (infection/heat d/t dril\ing). !

Note : OOmpourtmen’c androme.

~* gqual incidence in high and low energy injuries.

* Con occur in open froctures.

* High index 0% suspicion and. be Viglant in patients with altered level of

consciousness.

Amputation

00:19:50

Damaged limb/ con’caml'\na‘ced/ not salvageable

v
n‘mpu‘cod'ion :
Cuﬂ‘\ng the limb of the bodg
’through the bone

)’
Dfsw’dw]o@don i
Cutting the limb o the bod5
’chrOuSh ’che\jo'\n{

Orthopaedics * v1.0 « Marrow 8.0 + 2024 Page 4/10
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Open Fracture, Amputations & Polytrauma - 19
Indicodions : Dead, dangerous or dumb limbs i s S
* Crush injury/RTA.
* Peripheral vascular disease (PVD) like diobetes mellitus.

* Frost bite, 3&5 gangrene, mod\gnan’c turmour.
. C,ongem’cal btkLSence of limb/neuromuscular d\sease like polio.

Troumo scores_\ 3
. Mangled exkrémﬂg severity score (mess) : Score 2 7 d‘ Ampuctodion.
* Vv Velocity of injury or soft tissue coverage.
|+ lschemio. time (most important).
* S:Shock.
*-A: Age of patient.
a.Limb salvoge score

|

3, &anga score

Tﬂp& s : ‘i -
\. Closed amputation : a. Open or Sm\\oﬁhé :
Skin is closed in I° surgery, - SKin is kept open after ampudadion
% dlosed in "a‘nd stage.
T lnd\ca‘c\or\s
" -~ infected/ con’cam\noeceds{-ump
- F\mpu’co@c\on for ischemic

conditions.

Principles :
. Use of tourniquet : Reduces bleeding
/1 § cause of amputation is ischemia. or PVD.
a. Structures cut ‘ ’ Pt
* Amputodion : 8\/er5’ch‘\n3 is cut, |
* Disarticulodion : Sparing of bone. :
3, Bone has to be cuk Sem shorter than sot hswe i
4, Double ligote the vessels. ‘ : f ‘ |

[ Feedback
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